


‘OSCAR’ MP3 Player (1) 


A stand-alone MP3 player 


Design by Engineering Bureau A. Kurpiers and V. Pantelic 


OSCAR is a high-quality MP3 player for upgrading a conventional audio 
installation. In addition to the CD drive for data storage, you can use an IDE 
hard-disk drive, which will provide a week's worth of music in hi-fi quality. 





It all seemed so nice: the first instalment of 
the project for a DIY stand-alone MP3 player 
was supposed to appear in the June issue of 
Elektor Electronics, following an article on the 
basic principles of MP3 in the May issue, and 
the series was to culminate in the September 


issue. But plans are one thing, and 
reality another. Unforeseeable tech- 
nical problems cropped up with the 
MP3 Cube, and in spite of the collec- 
tive expertise of the Elektor Elec- 
tronics design laboratory, these 
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could not be solved in a reasonable 
amount of time. 

Fortunately, we have found a (bet- 
ter) alternative in the form of an MP3 
player that goes by the name of 
OSCAR (for ‘Optical Storage Com- 


AIO 


pressed Audio Replay’), which was 
developed by staff members at the 
Technical University of Darmstadt in 
Germany. You can read a bit about 
the interesting story of the develop- 
ment of this device in the ‘History’ 
inset. OSCAR uses the same chip set 
as the MP3-Cube, but it is controlled 
by a much more powerful processor. 
This is also necessary, since the fea- 
tures of OSCAR surpass those of the 
MP3-Cube by far. 

The most important differences 
are the possibility of connecting an 
IDE hard disk drive, direct selection 
of individual titles using a rotary 
encoder, and compatibility with MP2 
and S/PDIF. The Features sidebar 
gives a good summary of the most 
important characteristics of the MP3 
player. 


Star performer 


OSCAR is a PC-independent play- 
back device for music files in the 
popular MP3 format, which can 
come from a purchased or home- 
made CD-ROM in ISO 9660 file for- 
mat, or equally well from a Windows 
file system with FAT16 or FAT32 for- 
matting. In addition, it can play back 
normal audio CDs according to the 
S/PDIF standard. 

In contrast to a conventional CD 
player, OSCAR offers a multitude of 
additional options. For example, the 
artists and titles of the individual 
songs are displayed in plain text, 
and ID3 tags that may be present are 
also displayed. You can play back 
individual tracks, subdirectories or 
an entire CD or hard disk, and you 
can select sequential, repeat or ran- 
dom playback. Title sequences can 
be read from m3u playlists (Winamp) 
or programmed into the device, and 
they can also be stored on the hard 
disk if one is present. 

The hard disk can either be pre- 
recorded in a PC and then installed 
in the player, or titles (or even com- 
plete directories) can be copied from 
the CD-ROM drive to the hard disk. 
The hard disk can be formatted in 
the player, and directories can be 
created and deleted. The sleep timer 
can be used to switch off the device 
after a certain amount of time. Auto- 
play' starts the playback immedi- 
ately after the player is switched on. 

A combined rotary encoder and 


MP3 Player Features 


— Complete, PC-independent MPEG audio player 
— Reads MPEGI/2 Layer 2/3 Audio (MP2, MP3) and CD audio from CD-ROM and hard 


disk 


— Plays all MP2 and MP3 formats at all bit rates between 8 kb/s and 320 kb/s, plus VBR 


— Line and headphone outputs 


— Supports ISO 9660, including the Joliet extension, as well as FATI6/FAT32 read and write 


access 


— Four-line LCD displays directory and file names and ID3 tags 


— Rotary encoder allows quick access to the entire music collection 
— High-performance 32-bit RISC processor (Hitachi SH7032) 
— Sophisticated operating system with many functions relating to MP3 


— Flash BIOS allows software updates 


— Serial interface for PC communication and remote control 


— Circuit board in Eurocard format; supply voltages 5 V and 12 V 


pushbutton switch, along with five 
other pushbuttons, make the equip- 
ment easy to operate. Titles can be 
selected by rotating the wheel, and 
then started by a simple button 
push. An uncomplicated menu struc- 
ture allows all operating modes to be 
set up and stored. The operating 
software of OSCAR is being continu- 
ously refined and extended, and it 
can be updated at any time via an 
update CD or the built-in serial inter- 
face. 

Thanks to the articles about the 
theory of MP3 and the various chip 
sets for decoding MP3 files, we can 
limit ourselves here to the electron- 
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ics. The block diagram in Figure 1 shows that 
OSCAR is based on the Micronas Intermetall 
MAS3507D/DAC3550 chip set. The controller 
addresses an external RAM as well as flash 
EEPROM, and it controls a series of periph- 
eral functions, such as the operator controls, 
display and interfaces. The two types of dri- 
ves, CD-ROM and hard disk, are also sup- 
ported. 


The key figure: 
a Hitachi RISC controller 


In light of the large number of tasks it must 
perform, the MP3 player is controlled by a 
very powerful 32-bit RISC controller (8H7032) 
clocked at 20 MHz (Figure 2A). This con- 
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Figure |. Block diagram of the MP3 player. 
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F The RS232 interface 
converter and front panel 
connector. 
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troller, which is a member of the Hitachi SH1 
family, is relatively inexpensive in spite of its 
impressive capabilities. In the first place, it 
has a very large selection of freely assigna- 
ble I/O pins and a multitude of integrated 
peripheral blocks, including serial interfaces 
(SCI), timers, an interrupt controller (INTC), 
a DMA controller (DMAC) and an analogue- 
to-digital converter (ADC). Secondly, it has a 
large address space (more than adequate for 
the needs of OSCAR) and a powerful instruc- 
tion set. 

The controller has one 8-bit port and two 
16-bit ports (PCO-7, PA0-15 and PB0-5). The 
wide ports can be used as both inputs and 
outputs, while the narrow port (PCO-7) can 
only be used for inputs. The latter port is con- 
nected to the A/D converter, so that eight 
analogue inputs are available. A few leads 
have special functions, and can for example 
be used as interrupt sources or for the selec- 
tion of peripheral subassemblies such as the 
keyboard, LCD, MP3 decoder, real-time clock 
and so on. These functions, which are sum- 
marised in Table 1, are assigned to the ports 
when the MP3 player is switched on. 

The processor has eight independent 
memory regions and can address up to 16 MB 
in each region. In can even support DRAM. 
The controller itself has 4 kB (7034) or 8 kB 
(7032) of internal RAM. An additional 256 kB 
of static RAM is connected to the 16-bit data 
bus of the controller, and occupies the 
address region from 04000004 to 05FFFFFq. 
This consists of two 128 k X 8 SRAMs, type 
62812P with an access time of 15 ns. A 512-kB 
flash EEPROM (an AMD AM29F040B or 
Atmel AT29C040) is also connected to this 
bus, and addressed in the region between 0 
and OFFFFFFi (see Figure 2B). The operat- 
ing system of the player is located in the 
flash EEPROM, and it is partly copied to the 
faster SRAM when the player starts up. A 
small monitor program that is also located in 
the flash EEPROM allows the main program 
in the device to be updated. This memory 


Table |. Port functions 


Port Function Alternative Function 
PAO Chip select SRAM CS4 
PAI - CS5 
PA2 Chip select IDEilnterface CS6 
PA3 WAIT to generate wait states C37 
PA4 Memory write WR 
PA5 Lower byte select for | 6bit wide memory LBS 
PA6 Memory read RD 
PA8 Reset MPEG decoder 

PA9 Reset IDE devices 

PAIO spare 

PAI I spare 

PAI2 IRQ IDE interface IRQO 
PAI3 IR detection IRQI 
PAI4 spare (wired to JP3) IRQ2 
PAI5 spare (wired to JP3) IRQ3 
PBO LCD D4 

PBI LCD D5 

PB2 LCD D6 

PB3 LCD D7 

PB4 LCD RS 

PB5 LCD R/W 

PB6 LCD E 

PB7 I2C data out 

PB8 I2C data in 

PB9 Serial data to MPEG decoder TxDO 
PBIO RxD RS232 RxDI 
PBI I TxD RS232 TxDI 
PBI2 Serial clock to MPEG decoder SCKO 
PBI3 I2C clock 

PBI4 IRQ demand from MPEG decoder IRQ6 
PBI5 IRQ frame from MPRG decoder IRQ7 
PCO-7 Keyboard ACD inputs 


can also be used for non-volatile 
storage of playlists or short jingles, 
for example. 

The system clock comes from an 
integrated oscillator and an external 
14.7546-MHz crystal. This allows 
serial data transfer rates of up to 
230.4 kb/s. 


Table 2. IDE register set 
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MP3 decoder 


The MP3 decoder is a MAS3507D, 
whose partial circuit diagram is 
shown in Figure 2C, was originally 
developed as part of the Worldspace 
satellite radio project. Consequently, 
it can synchronise itself to the data 
rate of an external MP3 bit stream. In 


Write Access 


Device Control 


Features 


AO Read Access 
0 Alternate Status 
0 Data (16bit) 
1 Error 
0 Sector Count 
l Sector Number / LBA Bits 0-7 
0 Cylinder Low / LBA Bits 8-15 
1 Cylinder High / LBA Bits 16-23 
0 Device/Head / LBA Bits 24-72 
0 Status 


Command 
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History 


The first OSCAR prototype was developed as part of a study project at the Insti- 
tute for Communications Technology in the Electronics Technology faculty of the 
Technical University of Darmstadt. As part of the ongoing search for interesting 
study projects, a pair of students were given the assignment of building an MP3 
CD player. A picture of the first OSCSAR (Optical Storage Compressed Audio 
Replay), which came into existence in the course of six months of labour, can be 
found at http://www.oscar-mp3.com/pic.html. The first prototype could already 
display titles in plain text, but it still strongly resembled a conventional CD player. 
OSCAR was later completely reworked, and the hard-disk function was added. 
This yielded the new OSCAR, which not only has a completely new user interface 
that is matched to MP3, but also incorporates many new functions and improve- 
ments suggested by the initial OSCAR users. OSCAR is now available as a com- 
mercial product, either as a ready-made unit or as a construction kit with pre-fin- 


ished circuit boards. 


OSCAR, the decoder is used in a dif- 
ferent mode, which is called MULTI- 
MEDIA. It independently generates 
the MP3 bit clock, and it demands 
data from the data source via the 
DEMAND signal (PI19). Once the 
buffer in the decoder has been filled, 
this signal becomes inactive. Once 
the data have been processed to the 
point that new data can be 
accepted, DEMAND goes High, 
which is signalled to the controller 
via IRO6. 

The MP3 data (SID) are trans- 
ferred synchronously from serial 
interface O of the controller to the 
decoder, with the processor provid- 
ing the 1-MHz clock signal (SIC). 
Since this data transfer rate is 
always greater than the bit rate of 
the MP3 signal, the data can be 
transferred in blocks. This offloads 
the processor and prevents buffer 
underflow. The MAS3507D gener- 
ates an IRO7 for each MPEG frame. 
This forms an excellent basis for a 
playing time display. The data trans- 
fer takes place via the serial data 
interface using direct memory 
access (DMA), independently of cur- 
rent program processes. 

The MP3 decoder and the follow- 
ing D/A converter communicate 
with the processor via an I2C bus. 
Although this is a bi-directional bus, 
the microcontroller does not have an 
open-collector output, so a Schottky 
diode (D1) must be inserted in the 
SCL lead. This roughly simulates an 
open collector. 

Two port leads of the microcon- 
troller are provided for the bi-direc- 


tional I2C-bus data signal. In the 
direction from the controller to the 
I2C slave, there is an inverter with 
an open-collector output (IC5f), while 
in the opposite direction the signal 
enters via port pin PB8. As long as 
ICbf is not active, the other compo- 
nents can readily pull the bus to 
earth. 

The use of the open-collector 
inverter also directly eliminates 
another problem. Both the MP3 
decoder and the DAC have a 3.3-V 
supply voltage, in contrast to the 
TTL-compatible controller. If a 
74ACTO5 open-collector inverter is 
placed between the controller and 
the 3.3-V ICs, this incompatibility is 
resolved. In the other direction, the 
3.3-V lines may be connected 
directly to the controller. The 3.3-V 
supply voltage is provided by an 
LM3940 low-drop linear voltage reg- 
ulator (IC9), and the internal DC con- 
verter of the MAS3507D is not used. 


Analogue interface 


The DAC3550 D/A converter shown 
in Figure 2D is specially matched to 
the MAS3507D, and it provides a 
common clock signal to the con- 
verter. A standard 14.318-MHz crys- 
tal (X2) is used for the clock. How- 
ever, the exact frequency of the crys- 
tal is not critical, since the DAC3550 
synchronises itself with the data 
clock provided by the MPEG 
decoder. 

The DAC3550 is a high-quality 
sigma-delta converter with an inte- 
grated anti-aliasing filter, an input 


multiplexer (which is also connected to the 
analogue output of the CD-ROM drive), an 
output amplifier for the line signal and a 
small power amplifier with volume control, 
for connecting to a headphone. The connec- 
tion to the decoder runs via the three I?S 
lines SOI, SOD and SOC. However, the inter- 
nal registers of the converter are pro- 
grammed via the I2C bus. 

The converter requires a 3.3-V supply volt- 
age for the digital part (via the noise-reduc- 
ing low-pass filter formed by L1, C19 and 
C23) and a 5-V supply voltage for the ana- 
logue part. A separate fixed-voltage linear 
regulator supplies the latter voltage. This, in 
combination with the separation of the earth 
tracks for the analogue and digital electronics 
and the carefully developed circuit board lay- 
out, fully exploits the capabilities of the DAC. 
This ultimately benefits the sound quality. 

The anti-aliasing filter consists of a pair of 
two-pole low-pass filters (R22-R29 and 
C47-C50). In addition to the analogue CD- 
ROM input on JP9 (AUX1R and AUX1L), the 
AUX2L/R inputs are also available on JP6. 
The can be used to connect a radio, for exam- 
ple. The two bus systems (I?C and I?S) are 
also brought out on the same connector. This 
allows a digital S/PDIF output to be imple- 
mented, for example. 

There is one more detail: the DACX23550A 
produces a fair bit of noise when the player is 
switched off. A MAX692 reset pulse genera- 
tor (IC11) is used to suppress this noise. It 
generates an NMI pulse for the controller as 
soon as the supply voltage drops below 4.7 V. 
The controller then mutes the DAC via the I2C 
bus. 


IDE/ATAPI interface 


The CD-ROM drive and the hard-disk drive 
are controled via a standard IDE/ATAPI 
interface. The IDE interface basically con- 
sists of a 16-bit data bus and a 5-bit address 
bus (A0-A2, CS1FX and CS3FX), as well as 
supplementary control signals. In addition, 
the IDE device makes a set of registers avail- 
able, which can be selected via the address 
lines. These are all 8-bit registers, except for 
the 16-bit data register. They are described 
in Table 2. 
These registers are mapped into the I/O 
address region of the processor by the IDE 
controller, in the form of memory locations. 
This means that they can be written and read 
by the IDE host. In OSCAR, the IDE registers 
lie in one of the processor's eight address 
regions. 

The IDE host controls the IDE device 
according to the ATA protocol. The command 
parameters are first written to the various 
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Figure 3. OSCAR is operated using five pushbuttons and a rotary encoder. All user 


information can be read from the LCD. 


registers of the drive, and then the command 
word is written to the COMMAND register. 
The drive then executes the command. Data 
are subsequently transferred by repeatedly 
reading or writing data from or to the DATA 
register. The start of a data transfer is either 
signalled by an interrupt that is triggered by 
the drive, or determined by the host by repet- 


itive polling of the STATUS register. 
The communications with the CD- 
ROM drive, according to the ATAPI 
protocol, are based on the ATA pro- 
tocol as just described. In contrast to 
the ATA protocol, however, a com- 
plete command packet (a block of 12 
bytes) is first transferred to the drive 


via the DATA register. The drive then 
executes this command, and the 
actual data transfer takes place as 
usual via the DATA register. 

Figure 2E shows the hardware that 
is used for the IDE/ATAPI interface 
in OSCAR. The nine registers of the 
IDE interface are accessible in 
address region 6 of the SH7032. They 
are addressed by address lines 
AO-A2, A20 and A21. Since the IDE 
interface allows the use of relatively 
long flat cables, all signals to the IDE 
device are passed through bi-direc- 
tional bus drivers (type 74ACT245). 
The address and control signals (/RD 
and /WR) also pass through a 
74ACT245 that is permanently wired 
for output. The RESET signal passes 
through this driver as well. The 
active-High interrupt signal of the 
IDE interface passes through an 
inverter, since the processor can only 
handle interrupts with falling edges. 

The choice of a suitable hard disk 
drive or CD-ROM drive should not 
be especially critical. Any hard-disk 
drive that supports LBA addressing 
can be used, which means that all 
recent models from around 1 GB are 
suitable. Although FAT16 is also 
supported, it is recommended to 
format the disk in the FAT32 file 
system. 

As far as we know, any modern 
CD-ROM drive that complies with 
the ATAPI standard can be con- 
nected. Only older-model drives 
(2X-8X) may present problems with 
'home-brew' CDs. 


Addresses 


Designers: 

Ingenieurbüro A. Kurpiers und V. Pantelic 
Ludwigshohstr. 77 

D-64286 Darmstadt 

Germany 

Tel.: (+ 49) 61 51 / 16 23 69 

Tel.: (+ 49) 61 51/ 16 25 69 

FAX: Tel.: (+ 49) 61 51/1655 45 

E-Mail: oscar@oscar-mp3.com 

E-Mail: oscar@oscar-mp3.de 


Distributors: 

BayCom Hard- and Software 
Bert-Brecht-Weg 28 
D-30890 Barsinghausen 
Germany 

Tel.: (+ 49) 51 05/58 50 50 


FAX.: (+ 49) 51 05/58 50 60 
E-Mail: oscinfo@oscar-mp3.de 
Internet: www.baycom.de 


PCC-Computer 
Vaalser Str. 148 
D-52074 Aachen 
Germany 

Internet: www.p-c-c.de 


Semiconductor Manufacturers: 
Micronas Intermetall 
Hans-Bunte-Str. |9 

D-79108 Freiburg 

Germany 

Tel: (+49) 7 61/5 17-0 

Fax: (c-49)7 61/5 17 - 21 74 
E-Mail: info@intermetall.de 
Internet: www.intermetall.de 


www.intermetall.com 
www.itt-sc.de 


Hitachi Europe 

Electronic Components Group 
Dornacher Str. 3 

D-85622 Feldkirchen bei München 
Germany 

Tel.: (+ 49) 89/991 80-0 
FAX:(+ 49) 89 / 9 9| 80-2 65 
Internet: www.hitachi- 
eu.com/hel/ecg/index.htm 


Software and information: 
ATA/ATAPI-drivers: 
www.ata-atapi.com 


General information on MP3: 
www.come.to/mp3chips 
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Peripherals 


The block diagram shows a series of 
peripheral subassemblies, whose 
‘interfaces’ can be seen in the full 
schematic diagram of the main cir- 
cuit board (Figure 2). 


Liquid crystal display 

A standard, industrial dot-matrix 
LCD with LED backlighting is used. 
The display is driven in the 4-bit 
mode. Naturally, the display is not 
mounted on the main circuit board, 
but instead on the front-panel circuit 
board. It is connected to JP3. 


Keyboard 

The four pushbuttons EJECT, MENU, 
STOP and UP along with the 
SELECT rotary encoder, are con- 
nected to the 8-bit analogue port of 
the processor. They are periodically 
polled via a timer interrupt. The 
encoder works like a pair of switches 
that are sequentially opened and 
closed. The controller can determine 
the direction of rotation from the 
switching time sequence. Debounc- 
ing takes place in software, so the 
amount of hardware is minimal. 


RS232 interface 

The controller has two serial inter- 
faces, one of which is compatible 
with the asynchronous RS232 stan- 
dard. The baud rate clock is gener- 
ated by the controller and has a max- 
imum value of 230,400 kb/s. A 
MAX202, which is a variant of the 
well-known MAX232A, converts the 
signals to RS232 levels. 

The serial interface serves for 
future downloads of new software 
and for issuing status messages dur- 
ing operation, so it is an important 
aid in program development. With 
the addition of a modem, music-on- 
demand can be loaded via the serial 
interface. In addition, this interface 
can be used for remote control of the 
player. A debugger in the PC can 
communicate with the processor via 
the RS232 interface (without hard- 
ware handshaking). 


IR receiver 

An infrared receiver (type SFH506-36 
or SFH5110) is also mounted on the 
front panel circuit board. Since both 
the Philips RC5 and the Sony SIRC 
codes are based on pulse-width 


modulation, both the positive and 
the negative edges must be evalu- 
ated. Consequently, the receiver 
generates a short pulse on the PA13 
port lead for each signal edge. This 
pulse is produced by an RC network 
(R1 and C1) and two XOR gates 
(IC1a/b in Figure 3). The controller 
generates an IROT interrupt for each 
falling edge of this pulse, and can 
thus evaluate the incoming data. 


RTC and Silicon ID 

A real-time clock and a unique serial 
number in the form of a Silicon ID 
chip from Dallas Semiconductor are 
both present on the circuit board, 
but they are presently unused. They 
are reserved for future applications. 


Power supply 

In the ready-made version of the 
player, a switch-mode power supply 
is used. In principle, however, a lin- 
ear power supply can be used 
instead, as long as it can deliver a 
clean 12 V. For mobile use (with a car 
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battery, for example), it is a good idea to use 
a DC/DC converter that can convert upwards 
as well as downwards. The proper contact in 
this case is the semiconductor manufacturer 
Linear Technology. 


Attractive prospects 


A project such as this lends itself to DIY con- 
struction only to a limited degree. The tracks 
on the Eurocard circuit board are very closely 
spaced, and manually soldering SMD ICs 
with more than 100 leads is not everyone's 
cup of tea. Nevertheless, the DIY aura is not 
completely lost, since OSCAR is available not 
only as a ready-made unit, but also as a com- 
plete kit with pre-finished circuit boards. If 
you are planning a very special application, 
such as an automotive MP3 player, you can 
also obtain the main and keyboard circuit 
boards together with the LCD. 

In the second part of this article, you will 
learn everything about the construction of the 
kit, as well as the structure and operation of 
the software. 
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